Fifteen pigeons were trained in a MULT VI 45-sec EXT schedule to discriminate between a vertical line (the positive stimulus) and a blank key (the negative stimulus). After 10 days of training, they were given a generalization test on the dimension of line orientation and matched into three groups, which received lesions of the ectostriatum or of nucleus intercalatus hyperstriati accessorii (IHA) in the Wulst or sham lesions. After a week of recovery postoperatively, they were given one more day of training on the discrimination, then a second generalization test, identical to the first. They were then trained for 10 days on a MULT VI 45-sec EXT schedule, with the vertical line as the positive stimulus and a horizontal line as the negative stimulus. Finally, they were given a third generalization test. Pigeons with ectostriatallesions were not different from shams on the first postoperative generalization test, but they were poorer at the discrimination between horizontal and vertical postoperatively and they showed a flatter gradient than shams on the final generalization test. These findings suggest that ectostriatal lesions result in a deficit in the development of inhibitory processes to the S-. Pigeons with Wulst lesions were not different from shams for the most part, but they did show more trials without response on the final generalization test. There was no suggestion of an impairment by Wulst lesions on the negative component of the golno-go discrimination.
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The degree to which a stimulus exerts control over an animal's behavior can be assessed by measuring the generalization gradient around that stimulus, that is, by presenting stimuli varying in similarity to the training stimulus and measuring response to them. A flat gradient suggests that the stimulus was not exerting very much control because changing the stimulus does not affect the behavior. A steep gradient, on the other hand, suggests that the stimulus controlled the behavior. The present study represents an effort to determine whether lesions of the telencephalic visual areas in pigeons differentially affect the amount of control exerted by visual stimuli.
Previous studies of the effects of brain lesions in the telencephalic visual areas of birds have shown that lesions of the ectostriatum produce profound deficits in visual discriminative learning, whereas lesions of the Wulst do not Hodos, Karten, & Bonbright, 1973) . The ectostriatum receives a projection from nucleus rotundus of the thalamus, which in turn receives a projection from the optic tectum Karten & Revzin, 1966) . It is thus anatomically equivalent to part of the extrastriate cortex of mammals. The Wulst contains within it the nucleus interThis research was supported by NS-I6688 to A.S.P. Requests for reprints should be addressed to Alice S. Powers, Department of Psychology, Bryn Mawr College, Bryn Mawr, Pennsylvania 19010. calatus hyperstriati accessorii (IHA), which receives a projection from the nuclei in the thalamus that are anatomically equivalent to the lateral geniculate of mammals (Karten, Hodos, Nauta, & Revzin, 1973) . The IHA is therefore anatomically equivalent to part of the striate cortex of mammals.
In pigeons, then, lesions of the anatomical equivalent of the extrastriate cortex produce deficits on visual discrimination, whereas lesions of the anatomical equivalent of the striate cortex do not. Such deficits could be sensory, that is, due to an impairment in the animals' ability to see the stimuli, or they could involve some higher level of visual processing, such as attention or learning.
Although Wulst-Iesioned birds are unimpaired on the acquisition of visual discriminations, they do show certain impairments of performance. The best documented of these is a deficit on reversal of visual discriminations (Benowitz & Lee Teng, 1973; Macphail, 1976b; Powers, 1969; Stettner & Schultz, 1967) . These impairments and others that have been found (e.g., Pasternak, 1977; Powers, Halasz, & Williams, 1982) seem to involve deficits in intellectual function, such as attention, learning, or memory, rather than deficits in visual sensory ability. Pasternak and Hodos (1977) reported only small transient increases in intensity difference thresholds after IHA lesions.
Since both ectostriatal and Wulst lesions appear to produce deficits in some kinds of visual learning tasks, the extent to which stimuli exert control over
147
Copyright 1983 Psychonomic Society, Inc.
behavior after the two lesions seemed an interesting question. The present experiment was designed, therefore, to compare generalization gradients obtained in pigeons given Wulst or ectostriatal lesions with those obtained in pigeons given sham lesions. An additional purpose was to examine the effects of these lesions on a particular discriminative learning task. There have been two reports of deficits on visual discriminative learning after Wulst lesions (Pritz, Mead, & Northcutt, 1970; Zeigler, 1963) . These findings have not been confirmed by other authors, however (Hodos, Karten, & Bonbright, 1973; Macphail, 1976b) . The source of the discrepancy has yet to be discovered, but both studies in which a deficit was found utilized single keys in a go/no-go discrimination. Since Macphail (1971) found an increase in responses on the negative key during the early components each day of a go/no-go (MUL T VI EXT) schedule, it seemed possible that the discrepancy might have occurred because Wulst lesions produce deficits on go/no-go discriminations but not on simultaneous discriminations. Macphail (1975) , however, failed to find an effect of Wulst lesions on a successive go/no-go discrimination, but that study used two keys and did not replicate Macphail's earlier finding (1971) . It seemed reasonable to look again at a successive go/no-go discrimination with pigeons given Wulst lesions.
The design of the present study was as follows: Pigeons were trained preoperatively on a MUL T VI 45-sec EXT schedule with a black vertical line on a white key as the positive stimulus and a blank white key as the negative stimulus. On such a schedule, a VI 45-sec schedule is in effect when the positive stimulus is presented (reinforcement is available for response to the key at variable intervals, averaging 45 sec) and an extinction schedule (no reinforcement) is in effect when the negative stimulus is presented. The use of the vertical line-blank key discrimination provided an opportunity to assess generalization after interdimensional discriminative training. After 10 days of training, the pigeons were given a generalization test along the line-orientation dimension, using seven line stimuli varying from vertical to horizontal. On the basis of their performance, they were then placed into one of three groups and given sham, ectostriatal, or Wulst lesions. Postoperatively, after a single day's training on the discrimination, they were given a generalization test, identical to that given preoperatively. Then they were trained on a MUL T VI 45-sec EXT schedule with the same vertical line as the positive stimulus and a horizontal line as the negative stimulus. Such intradimensional training typically steepens generalization gradients (e.g., Hearst, 1969) . After 10 days of training on this discrimination, generalization gradients were obtained for the third time.
METHOD

Subjects
The subjects were IS experimentally naive male, autosex pigeons obtained from Palmetto Pigeon Plant in Sumter, S.C. They were retired breeders. They were housed individually in a room with a constant day-night cycle (12 h on, 12 h off). The pigeons were maintained at 8S"10 of their free-feeding weights. Water and grit were continuously available.
Apparatus.
The apparatuses were two standard Lehigh Valley Electronics pigeon chambers with a single response key, a grain magazine, a houselight centered above the key, which remained on throughout all sessions, and a speaker through which white masking noise was fed into the chamber. Behind the key was mounted an lEE projector, which presented the stimuli. These consisted of a white illuminated disk, either alone or with a black line superimposed on it. The luminance of the key illuminated by the line stimuli was equated with a Simpson Model 408 illumination meter at 16 ±2 cd/m'. Events were programmed automatically.
Procedure
The pigeons were pretrained, over a period of 3-6 days, first to eat from the food magazine and then to peck the key lighted with red light. When the animals were pecking the key readily, the stimulus was changed to a black vertical line on a white background and the schedule was increased gradually over 2 days to FR 10 (10 pecks required for each reinforcement). On each day, the animals received 20 reinforcements of 3-sec access to grain. They were then trained for I day on a VI 30-sec (40 reinforcements) and for I day on a VI 4S-sec schedule of reinforcement (20 reinforcements).
Following the pretraining, the pigeons were trained on a MUL T VI 4S-sec EXT schedule with IS I-min components on each schedule presented in a Gellermann (1933) order with no intertrial interval. The positive stimulus was the white key with a vertical line on it. The negative stimulus was a blank white key. Responses per component were recorded. After 10 days of training on this schedule, the pigeons were given a generalization test. On this day, too, there were 30 I-min components, but only the first 9 (S positive and 4 negative) were on the MUL T VI 4S-sec EXT schedule. The remainder, which were run in extinction, consisted of 3 trials with each of 7 stimuli, the vertical line (responses to which were not reinforced), and 6 stimuli varying in equal IS-deg steps from vertical to horizontal. These were presented in different orders to different animals. In each order all 7 stimuli were presented before any was repeated, and the number of responses to each test stimulus was recorded.
After this generalization test, the pigeons were matched on the basis of their performance on the generalization test, assigned to one of the three groups, and given lesions of either the Wulst (n = S) or the ectostriatum (n = 4), or sham lesions, in which the electrode was inserted into one of these structures but no current passed (n = 6). Surgical procedure was as follows: The animals were anesthetized with a mixture of sodium pentobarbital and chloral hydrate (Equithesin), and the scalp was injected with procaine before incision. The electrodes were steel insect pins insulated with Formvar except for O.S mm at the tip. The coordinates for the lesions were determined from the atlas of Karten & Hodos (1967) . Multiple placements were used for both lesions: two lesions on each side for ectostriatum and four on each side for Wulst. Six days were allowed for postoperative recovery.
On the first postoperative experimental day, the pigeons were given training, identical to the preoperative training, on the MUL T 4S-sec EXT schedule. Then on the next day they were given a generalization test identical to that given preoperatively. Following this postoperative generalization test, the pigeons were trained on a new discrimination, betw-een the black vertical line, used previously, as the positive stimulus and the black horizontal line (used as stimulus 7 in the generalization test) as the negative stimulus. The schedule continued to be MUL T VI 4S-sec EXT with IS positive and IS negative components per day. Ten days of training were given on this discrimination. On the day following the completion of postoperative discrimination training, a third generalization test was given, again identical in procedure to that of the other two tests.
When the experiment was finished, the pigeons were deeply anesthetized with an overdose of sodium pentobarbital and perfused through the heart with saline followed by Heidenhain's solution (without mercuric chloride). The calvarium was removed, and the brains were allowed to fix for 24 h in Heidenhain's solution before transfer to 10070 Formalin. The brains were embedded in paraffin and cut at IS /-1m, and every 10th section was mounted on slides and stained with the Kluver-Barrera stain (cresyl violet for cells and luxol fast blue for fibers). The lesions were reconstructed on plates from the atlas of Karten and Hodos (1967) .
RESULTS
Histology
The percent damage to each structure is presented in Table 1 , and lesions of the ectostriatum and Wulst are presented in Figures 1,2 , and 3. In neither group did the lesions completely destroy the target structure. Lesions of the ectostriatum tended to do some damage to the neostriatum and to the paleostriatum augmentatum. No animal in the ectostriatal group had any damage to IHA in the Wulst. Lesions of the Wulst tended to damage the hyperstriatum acces- Figure 1 . Histological reconstructions for two pigeons wltb IHA lesions. In tbe key, tbe stippled area on tbe left represents IHA, wblcb receives a projection from nueleus opticus principalls tbalami; tbe stippled area on the rigbt represents tbe core region of ectostriatum (E), wbicb receives a projection from nueleus rotundus tbalami. The rest of the area within the ectostriatal outiine constitutes the belt of ectostriatum. The plates are from the atlas of Karten and Hodos (1967) , and the numbers correspond to the AP coordinate for each plate.
sorium and hyper striatum ventrale in addition to IHA and the hyperstriatum dorsale. No animal in the Wulst group sustained any damage to the ectostriatum.
Behavior
Analyses of variance performed on the total number of responses during discriminative training, as well as in generalization testing, revealed no differences between groups. Analyses of variance of the mean percent total responding did reveal an important pattern of significant differences.
There were no significant differences among the three groups in the mean percent response to the positive stimulus during the 10 preoperative training days. A two-way analysis of variance with repeated measures on one factor (days) showed that there was no effect of groups [F(2, 12) 
There was a significant effect of days of training [F(9, 108) = 12.7, p < .01], reflecting the fact that the pigeons learned to respond more to the positive stimulus as training progressed. The groups X days interaction was not significant (F < 1). the gradients obtained on the first postoperative generalization test. As can be seen from these figures, generalization gradients for all groups were steeper on the second test than on the first. A three-factor analysis of variance was performed on the data from these two gradients, with groups, stimuli, and prevs. postoperative test as the three factors. There was a significant main effect of stimuli [F(6,72) On the first postoperative experimental day before the generalization test depicted in Figure 5 , all pigeons were given one session of training on the discrimination they learned preoperatively. Only one animal, No. 9174, in the Wulst group, failed to respond on that session. It was given several days of retraining until it responded appropriately on the discrimination and was then given the generalization test. There were no significant group differences in percent response to the positive stimulus on the training day preceding the first postoperative generalization test (F < 1). Group differences first appeared in the postoperative learning of the verticalhorizontal discrimination. Figure 6 shows the mean percent response to the positive stimulus over the 10 days of postoperative discriminative training. This figure shows that the group given ectostriatal lesions made a lower percent of its responses to the positive stimulus than did the other two groups. groups were steeper than those of the ectostriatal group. Analysis of variance confirms this impression. There is a significant effect of stimuli [F(6,66) = 36.8, p < .01] and a significant interaction between groups and stimuli [F(12,66) In conducting the final generalization test, we noted that the pigeons with Wulst lesions had a tendency not to respond at all on trials with stimuli other than the training stimulus. To look at this effect directly, we analyzed the number of trials in which no response was made. The mean number of such trials for the Wulst group was 12.4; the mean numbers for the ectostriatal and sham groups were 3.0 and 6.8, respectively. This difference is statistically significant [F(2, 11) = 5.0, p < .05], and orthogonal tests show that it is due to the difference LESIONS AND GENERALIZATION 151 between the Wulst group and the other two groups In addition to the individual data on lesion size, Table 1 includes individual behavioral data on the percent of total responses to stimulus 1 for both postoperative generalization tests and percent responses to the positive stimulus during postoperative discrimination training. In order to examine the question of what kind of brain damage caused the flattening of the gradient in the final test, Spearman rank-order correlation coefficients were calculated for percent response to stimulus 1 on the final generalization test and damage to ectostriatum in all nine lesioned pigeons. Since the effect of the lesion was to lower the percent response, this correlation was expected to be negative, and it was (e = -.76, p < .05). Correlations were nonsignificant or positive for the relationship between percent response to stimulus 1 and damage to IHA (e = .76), the hyperstriatum ventrale (e = .47), the neostriatum (e = -.20, p> .05), and the total amount of tissue destroyed (e = .28).
DISCUSSION
The results of this experiment showed that lesions of the ectostriatum did not produce an effect on the first generalization gradient measured postoperatively, but did lead to impaired pattern discrimination and to a flatter gradient when measured following intradimensional discriminative training. Wulst lesions had only one effect: they led to significantly more trials without a response on the final generalization test.
Ectostriatal Lesions
On the first postoperative generalization test, pigeons with ectostriatal lesions performed normally. Examination of the individual data presented in Table 1 indicates that this lack of an effect was not due to insensitivity of the small sample used here. All four of the birds in the ectostriatal group showed performance within the range of the sham-Iesioned birds. Thus, there is no suggestion of a difference in behavior at this stage in the experiment.
This finding suggests that ectostriatal lesions do not affect sensory functioning per se, because, if they did, generalization tests would show the same effect whenever they were given (barring recovery). Since that is not the case, the explanation appears to lie in some sort of nonsensory effect of the lesion, which appears only in certain specified situations.
The deficit on generalization appeared on the test following intradimensional training. What appears to have happened in the intradimensional discrimination phase of the experiment is that the generalization gradient sharpened for the sham and Wulst groups but not for the ectostriatal group. There are two possible reasons for this sharpening due to the confounding of two variables in this phase of the experiment. By the time of the final generalization test, the animals had been given both more training and intradimensional training. Although additional days of training have been shown to sharpen generalization gradients based on absolute number of responses, their effect on gradients of percent response such as those presented here is minimal, at least for the amount of training given in this study (Hearst, 1969) . We think, therefore, that the intradimensional training was the critical factor.
Sharpened generalization gradients following intradimensional discrimination training are a common finding (Hanson, 1959; Hearst, 1969; Honig & Urcuioli, 1981) . The sharpening is usually attributed to the interaction of an excitatory gradient around the S+ and an inhibitory gradient around the S- (Hearst, 1969) . Such an inhibitory gradient was not present on the test dimension, of course, after interdimensional training. If the effect of intradimensional training is to establish inhibition to stimuli on the test dimension, then perhaps the effect of ectostriatal lesions is to impair the development of this inhibition. This explanation of the effects of the lesions would account for both the poorer discrimination performance observed here and by others (Hod os Powers, Halasz, & Williams, 1982) and for the flatter generalization gradients observed after intradimensional training. The poor discrimination performance is due to the slower development of inhibition. (It should be noted that even if the animals in this experiment developed no inhibition at all to the S-, they still could perform as they did, making most of their responses to the S+, since excitation had been built up to the S+ during the preoperative training and no excitation had been built up to the S-.) The flatter generalization gradient after intradimensional training is attributed to the relative lack of inhibition to the S-. It would be possible, of course, to test this notion directly by measuring inhibitory generalization gradients in pigeons with ectostriatallesions.
It might be objected that another difference between the two generalization tests was that the pigeons were not all trained to the same criterion on the intradimensional discrimination; rather, they were given a fixed number of days of training. Since there were still significant differences in performance on the discrimination at the end of this training, while for the first generalization test all groups were matched in their performance, it is not clear whether the difference in gradients would have been found if all animals had been trained to the same criterion. Nevertheless, the ectostriatal animals' failure to reach the same level of performance during the intradimensional training is indicative of a deficit, and the data from the final generalization test suggest that this deficit might be in the development of inhibition.
If intradimensional discrimination training had continued beyond 10 days, would the pigeons with ectostriatal lesions have shown improvement? The lesions in this study were comparable in size to those called "moderate" by Hodos and Karten (1970) and to those of Powers, Halasz, and Williams (1982) ; in both studies, the ectostriatally lesioned birds reached the same criterion as controls. Although there was no statistical evidence of improvement in our data, there was a trend in the graph toward improved performance, and that, coupled with the findings of the studies cited above, leads us to believe that, with further training, our subjects too would have reached the same level of performance as normals. This supposition implies, of course, that inhibition does develop to the negative stimulus in ectostriatally lesioned pigeons, but more slowly than in normals. It is perhaps worth noting once again that the present explanation accounts for the ectostriatal deficit, not in terms of a sensory loss, but rather in terms of an associational impairment. Powers, Halasz, and Williams (1982) , too, found an indication of an associational loss after ectostriatal lesions: their animals perseverated to the previously correct dimension. Such perseveration might also be accounted for by an impairment in the development of inhibition to stimuli that are no longer reinforced.
Wulst Lesions
Wulst lesions had no effect on the learning of the pattern discrimination or on the overall generalization test. Their only effect was to cause the animals to stop responding altogether on generalization stimuli that were different from the training stimulus. This effect replicates a finding reported by Macphail (1975 Macphail ( , 1976a Macphail ( , 1976b in Wulst-Iesioned pigeons studied during reversal. Both on reversal and on generalization tasks, Wulst-Iesioned animals are less willing than normals to approach and respond to a stimulus that has not previously been paired with reinforcement.
There was no suggestion of a discriminative deficit in the Wulst group of this experiment. Thus, the discriminative impairment found by Macphail (1971) , Pritz, Mead, and Northcutt (1970), and Zeigler (1963) on go/no-go discriminations was not replicated here. As noted above, Macphail (1975) also failed to replicate this effect. The vertical-horizontal discrimination used here was at least as difficult as the ones used in the other studies; therefore, the difference in results cannot be attributed to the difficulty of discrimination. The reason for the deficit obtained in the earlier studies may have to do with the placement of lesions, as suggested by Hodos, Karten, and Bonbright (1973) for Zeigler's data.
